A pproximate1y 120 million persons work in the United States. About 10 million of these persons will be injured on the job this year and 10,000 will lose their lives. Of reported injuries in the United States, about 12% are head and brain injuries. Head injuries occurring in the workplace number 9.3 million a year, with a slightly lower proportion (7.2%) being the more serious injuries of skull fractures and intracranial injuries (Collins, 1985a; Millar, 1987) . According to the International Classification of Disease, falls and blunt trauma secondary to vehicular accidents are the most common causes of head injuries (Carlsson, 1986) .
Males suffer more work injuries, including skull fractures and intracranial injuries, than females. As with other head injuries, work related head injuries occur most often in the relatively youngthose primarily between the ages of 17 and 44 (Collins, 1985b) .
Head injuries which result in disability number about 1.9 million annually (National Safety Council, 1983) . Ninety-three percent of skull fractures and intracranial injuries require medical attention which translates into time away from the workplace and lost productivity. A large majority (65%) of these work related head injuries require activity restriction averaging 9.1 days per injury (Collins, 1985b) . Forty-seven percent of skull fractures and intracranial injuries require bedrest lasting an aver-The potential for head injury at the workplace challenges the occupational health nurse to maintain skills needed for emergency intervention, as well as long range rehabilitative skills.
age of 3.7 days. Head injuries require more bed disability days per injury than other categories of injury (Collins, 1985b) . Occupational injuries are a significant percentage of total injuries. Therefore, it is vital that occupational health nurses be familiar with head injuries. Although work related head injuries occur less frequently than other injuries, their importance lies in their relative severity-both in terms of lost work days and long term morbidity-making it important for the occupational health nurse to know how to deal with the initial injury and residual problems when the employee returns to work.
PATHOPHYSIOLOGY
To understand head injury, It IS necessary to know the difference between primary and secondary brain injury. Primary brain injury occurs at the instant of the physical blow with resulting neuronal dysfunction/damage. The severity of primary brain injury depends upon the involved area and extent of neuronal damage. Most blunt head trauma is dependent upon the phenomena of acceleration and deceleration (Stewart-Amidei, 1988) . The mechanism of acceleration occurs when the head is set into motion after it has been struck by a moving object. Deceleration occurs when the moving head strikes a stationary object and the brain continues to move relative to the skull.
Acceleration/deceleration mechanisms always occur together when head injury is involved, and either mechanism causes movement of the brain in a shearing or rotational manner. A wide range of neuronal damage may be produced (Stewart-Amidei, 1988) . Neuronal damage may clinically manifest itself as concussion, contusion, or diffuse white matter degeneration. When unconsciousness occurs, an acceleration/deceleration mechanism has always been present and always affects the brain stem on at least the reticular activating system (Plum, 1972) .
The coup/contrecoup phenomenon explains the mechanism of the brain contusion 180 0 opposite the impact point. The coup injury occurs at the point of direct impact to the head, while contrecoup injury damages neuronal tissue opposite the direct impact when the brain bounces within the skull (Hinkle, 1989) .
Contusions are frequently seen following head injury. Acceleration or deceleration forces cause coup and contrecoup lesions, with contrecoup injuries often being more severe. Contusions occur commonly on the base of the frontal and medial temporal lobes due to the brain sliding over the sphenoid and petrosal bony ridges (Stewart-Amidei, 1988) . Considerable impact is needed to cause a skull fracture, and brain injury may be an associated result. This can be due either to direct damage from the impact to underlying brain tissue, as with the formation of a hematoma, or it may be diffuse damage secondary to acceleration/deceleration, as in cerebral edema (Hinkle, 1988) . However, a severe skull fracture can occur without brain damage, and severe brain damage can occur without a fracture.
After severe head injury, traumatic hemorrhage into either the epidural, subdural, subarachnoid spaces, brain tissue, or even the ventricular spaces is common. Bleeding may occur soon after initial injury or weeks later. The localized blood clot or hematoma that results is a space occupying lesion and increases the pressure inside the skull. This increased intracranial pressure (ICP) interferes with adequate perfusion of brain tissue. Cerebral perfusion is directly related to the difference in mean blood pressure and intracranial pressure (MAP -ICP = CPP).
Diffuse injury takes the form of cerebral edema and is a frequent complication in brain injury. It can have two sources: vasogenic and cytotoxic edema. Vasogenic cerebral edema occurs when plasma leaks from the intravascular space into the damaged brain matter. Cytotoxic cerebral edema occurs when hypoxia impairs cell wall integrity (Stewart-Amidei, 1988 ). Increases in space-occupying fluid, whether by edema or by accumulation of blood inside the inelastic skull, result in increased intracra-
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can help recovering individuals and their families and coworkers learn to cope with physical, cognitive, behavioral, and intellectual deficits.
nial pressure and subsequent decreased cerebral perfusion pressure. This situation can result in brain herniation and death. Penetrating trauma transects tissue causing destruction along the path of the penetrating object. Since neurons have limited regenerative capacity, treatment of head injury focuses on prevention of secondary injury (Stewart-Amidei, 1988) . Secondary injury to the brain results when the forces inducing primary injury lead to hypoxia, ischemia, cerebral edema, and hemorrhage. Neurologic deterioration is a manifestation of secondary brain injury. Hypoxia is a reduction in tissue PO z , and can occur even in the presence of adequate perfusion (West, 1986) . Ischemia causes secondary injuries when there is a decrease in oxygen and glucose delivered to the brain (West, 1986) . Neurons die quickly without adequate amounts of these energy generating substrates. Prevention of hypoxia and ischemia is a cornerstone in the treatment of head in-JUry.
Therefore, recognition of the primary head injury event with its associated signs and symptoms is important in determining the course of events to be expected. But the crucial element is the prevention of neurological deterioration secondary to hypoxia, ischemia, cerebral edema, and the accumulation of subdural, epidural, or intraparenchymal hemorrhage.
TREATMENT AT THE SCENE
Care at the work injury scene will involve the occupational health nurse and/or emergency medical services personnel. Regardless of whether the head injury is mild or severe, the initial assessment begins with the same three steps: 1. Determine airway patency.
2. Assess breathing.
Examine the circulatory status.
Simultaneous cervical stabilization and assessment for other injuries is critically important.
When head injury has already occurred, nothing can be done about reducing the primary event's impact to the brain. In cases of severe head injury, most of the treatment is aimed toward prevention of secondary damage. Therefore, attention is directed toward hypoxia, airway obstruction, hypercapnia, hypotension, and bleeding (Richards, 1986) .
In some cases, an airway and ventilation must be maintained by the health care personnel at the scene. If certified personnel are present, tracheal intubation can be implemented. Otherwise, assure a patent airway by jaw-thrust positioning, being very careful of potential cervical injuries. Portable suctioning equipment can be used to manage oral secretions or possible vomitus.
A large bore intravenous access route should be established and lactated Ringer's solution infused in appropriate amounts to maintain c blood pressure. For massive scalp bleeding, a pressure dressing and sutures may be required. Cervical collar and spinal boards should always be in place when treating a severely brain injured person in the prehospital setting.
The neurological assessment for the severely head injured person begins with establishing the level of consciousness: does eye opening occur with verbal stimuli or pain, are vocalizations present, and is there any movement either spontaneously or to painful stimuli? Documenting the pupillary light described by Russell (1961) as the injured person's capacity to become aware of surroundings, and the length of time this information has not been stored. Recovery of memory is a prominent aspect of head injury neuropsychology and is of great concern to injured persons and their families. Amnesia is the only cognitive deficit that is used as an index of severity of injury (Levin, 1985) .
Following injury, the person with PTA has difficulty in awareness and memory of the accident event, as well as residual memory difficulties. A wide range of neurobehavioral symptoms may follow head injury: impaired attention and concentration, quick onset of fatigued feelings, memory disturbance, emotional instability, low-age from the nose or ears, or other signs of basal fracture.
Persons who do not exhibit any of the above signs may not need to be transported, but should be observed carefully for the next 24 hours. The occupational health nurse should teach those who spend time outside work with an injured person to report increased drowsiness or confusion, inability to arouse the person from sleep, vomiting, seizures, bleeding or drainage from nose or ears, weakness or decreased sensation in any extremity, and blurred vision or slurred speech to a physician.
Amnestic disorder is another common neuropsychological feature after head injury, and is often a persistent sequelae (Alves, 1985 (Hinkle, 1988 ). The two clinical features which establish that the head injury is of a minor nature include a limited transient loss of consciousness and a Glasgow Coma Scale Score (GCS) of 13 to 15 after regaining consciousness (Table) . Associated symptoms of minor injury may include mild to moderate headache, dizziness, irritability, short term memory loss and amnesia of the events, visual changes, weakness, nausea, and vomiting (Hinkle, 1988) .
Once the injured person has been stabilized, a more detailed neurological assessment should be performed. The level of consciousness according to the GCS should be determined. Pupils are evaluated for size and reaction to light, and extraocular movements are assessed. Grip strength and limbs are examined for weakness and numbness. At the scene, the equipment and objects involved in the accident should be examined to obtain information about the blow's force or distance to the person. If possible, the duration of unconsciousness also should be recorded. Finally, the occupational health nurse must be able to transmit pertinent medical history, such as seizures or cardiac problems, to the receiving treatment facility.
The occupational health nurse at the scene must assess the need for transport or further medical care. Persons should be transported if they: • Are unconscious. • Have unequal or nonreactive pupils. • Have extremity weakness. • Exhibit bizarre behavior or setzure activity. In addition, hospital referral is needed for individuals exhibiting nuchal rigidity, bleeding or drain-ered tolerance of frustration and noise, personality alteration (depression, withdrawal, disinhibition, or euphoria) , and aphasic and sensory deficits (Alves, 1985) . All these symptoms vary in severity and duration depending on the individual injury.
RESIDUAL DEFICITS AT THE WORKPLACE
Head injuries result in 98,000 physically and/or psychologically disabled persons each year (Ricci, 1988) . After hospital care is completed, the return to home and community becomes a major undertaking for the family and injured person, and calls for much understanding by coworkers. A large percentage of individuals complain of persistent headaches and memory problems. Others report delayed recovery of intellectual function and cognitive impairment (Hinkle, 1986) . The residual cognitive impairment, emotional disturbances, and behavioral changes tend to continue long after the physical disabilities have resolved (Ricci, 1988) .
In the past, the vague nature of these complaints has led to the belief that they represented wholly psychological dysfunction or even malingering. "Compensation neurosis" was a popular term applied to what is now recognized as a legitimate posttraumatic syndrome. The roots of this syndrome lie in physical damage to the bases of the frontal lobes (behavior, attention, inhibition of aberrant behavior, motivation), medial temporal lobes (memory (especially short term), rage behavior, and appetitive behavior), and the vestibular apparatus (diplopia, ataxia, dizziness, and vertigo) (Alves, 1985) .
Major complaints may persist following injuries that do not even cause computed tomography (CT) scan changes. Even transient loss of consciousness, which does not result in hospital admission, is associated with impaired complex reaction time for 4 to 8 weeks postcon-cussion, as well as other symptoms (Hugenholtz, 1988) . When severe brain injury has been sustained, symptoms may last 2 years or longer (Alves, 1985) .
Occupational health nurses can help recovering individuals, their families, and coworkers learn to cope with physical, cognitive, behavioral, and intellectual deficits. Studies have determined that hospital discharge teaching expedites the head injured person's return to work and to the social world (Hinkle, 1986) .
Discharge teaching focuses on information and reassurance. Families and victims can be educated regarding what to expect and which symptoms should be reported after discharge. Teaching and reassurance should be employed by the occupational health nurse to facilitate the difficult transition back to work. Functional capacity evaluations (a mental status check and transferable skills analysis) should be performed before work placement. Specific cognitive tests also should be done to evaluate short and long term memory, perception, math, English, and verbal skills.
The occupational health nurse should work closely with the disability administrator or workers' compensation carrier to determine the duration of disability, impairment, and rehabilitation plan.
The human resources department, especially benefits, can be particularly instrumental in assisting the occupational health nurse to work with appropriate vendors to enhance recovery and return to work.
It is important for the injured person to receive reassurance that complaints are real and based upon mild, diffuse, but organic changes in the brain. The person should be told that the presence of these symptoms does not indicate "craziness," faking, or malingering.
Psychological Impact
Head injuries are often associated with psychological problems and behavioral consequences. These con-tribute to chronic disability more than do persistent focal neurological deficits (Ricci, 1988) . Adjustment to postinjury life is crucial, and emphasis must be made to help both the injured person and the person's family to alter behavior appropriately (Thomsen, 1981) .
This help may take the form of neuropsychological treatment which has been known to improve prognosis following brain injury (Thomsen, 1981) ; or the help may simply be the fostering of a constructive attitude on the part of family and coworkers. Whether the injury has been minor or severe, it is essential that the occupational health nurse continue to assess the need for psychological counseling and support as a part of the brain injured individual's progress toward recovery.
Altered Cognition
Cognition is the ability to collect and process information from the environment in order to solve problems (Ricci, 1984) . The brain injured person has difficulties with attention span and concentration, initiation and planning, judgment, memory, learning, speed of information processing, and communication (Ricci, 1988) . Simple, repetitive instructions should be used to teach new tasks. Use of a variety of cues such as verbal, visual, and tactile will give the recovering individual the best opportunity for assimilating information. Problem solving exercises are good v for the injured person as well as the family.
The occupational health nurse should evaluate the brain injured individual's strengths and weaknesses as well as the work environment for potential safety hazards. The employer and occupational health nurse need to develop a plan that meets the needs of the injured person and the company (Simon, 1988) . It is essential to set goals and time frames. This is a slow process that needs constant supervision, reassurance, education, and reassessment of goals both for the worker 1 Work related head injuries do not occur frequently in • comparison to other injuries, but their importance lies in their relative severity, both in terms of work days lost and long term morbidity, making it important for the occupational health nurse to have knowledge of how to deal with the initial injury and residual problems.
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The residual cognitive impairment, emotional distur-• bances, and behavioral changes after head injury tend to continue long after the physical disabilities have resolved. Therefore, the occupational health nurse needs to assist recovering individuals and their families and coworkers to learn to cope with physical, cognitive, behavioral, and intellectual deficits.
In head injury, most of the treatment is aimed toward prevention of hypoxia, airway obstruction, hypercapnia, hypotension, and bleeding. The Glasgow Coma Scale is used for the severely head injured person. 
